industry must be good electrical conductors, highly reliable under repeated use, and at the same time be resistant to corrosion or oxidation. Traditionally, the industry has met these criteria by plating the terminals with hard gold. The accelerating price of gold, how ever, has encouraged the industry to find less expensive means while maintaining the desired characteristics.
The use of palladium instead of gold has been ex plored by the industry. Although palladium has been found to be a good conductor, corrosion resistant and less expensive than gold, palladium has been found to be unreliable for terminals that require repeated natings. Depending upon which of the many known palladium plating baths was used, repeated nating of the plated contact terminals either wore through the palladium layer or caused the palladium layer to crack and abrade the surface of the mating parts. Either type of problem causes the contact terminals to fail.
Until now, efforts to solve these long standing prob lems have been unsuccessful. The disclosed invention solves the above problems by the discovery that the internal macrostress within the palladium layer itself is the cause of the problems. The internal macrostress of 40 the palladium is measured by X-ray defraction accord ing to the procedure described by C. N. J. Wagner et al, Trans. Mat. Soc. AIME 233, 1280 (1965 . When the plated palladium has a low internal macrostress, less than 30,000 psi (low stress palladium), the palladium layer wears out through adhesive wear after a few mat ings. Palladium having high internal macrostress, greater than 140,000 psi, fractures when subjected to repeated natings, causing abrasive wear. Plating baths which deposit palladium having a macrostress in the range of 30,000 to 140,000 psi (medium stress palladium) produce contact terminals which exhibit much greater wear characteristics than contacts plated with low or high stress palladium. A small number of the medium stress palladium contact terminals, however, show early wear and spontaneously exhibit macrocracks. This problem with the medium stress palladium is prevented and the wear characteristics of these palladium plated contact terminals are unexpectedly and surprisingly increased by the application of a layer of pure soft gold. 
FIG. 4 is a surface view of a plated contact terminal
10, at a magnification of 1000. The picture shows that the plated contact area is free from microcracks.
The entire surface of terminals may be plated accord ing to the disclosed invention. It is more economical, however, to selectively plate only the contact zone of the terminals with palladium and gold. If selective plat ing is desired, the terminal receives an underplating of nickel in order to protect all the areas of the terminal that are not later protected by palladium and gold.
In the preferred embodiment, the substratum of the contact terminal is initially plated with a strike of noble metal, gold, silver or palladium, preferably palladium, in order to promote adhesion of the subsequent palla dium and gold layers. A palladium strike, unlike a gold or silver strike is indistinguishable from the subsequent palladium layer when viewed with an electron micro scope, as in FIG. 3 . The use of noble metal strikes for adhesion is well known by those skilled in the art. Nu merous plating baths, as known in the art, can be used for producing these strikes.
A 5 to 100 microinch, preferably a 15 to 80 micro inch, thick layer of palladium having a macrostress in the range of 30,000 to 140,000 psi, preferably 60,000 to 100,000 psi, is plated on the terminal. One bath for plat ing palladium within the desired macrostress range is disclosed in U.S. Pat. No. 1,970,950. The bath contains an aqueous solution of Pd(NO2)4-2, in an amount sufficient to provide a palla dium concentration from about 0.61 to 3.7 troy ounces per gallon. The bath is operated at a temperature rang ing from 113 to 167 F., a pH ranging from 4.5 to 7.5, and a current density of 10 amperes per square foot. A layer of soft pure gold ranging in thickness from 1 to 7 microinches, preferably 2 to 4 microinches, is plated over the palladium layer. The gold must be at least 99.9% pure and must have a Knoop hardness in the range of 60 to 90. The gold being soft, acts as a contact lubricant as the terminals are subjected to repeated natings. Any gold plating bath that meets MIL SPEC MIL-G45204B Type III, Grade A, Gold percentage 99.9, Knoop maximum 90, can be used to plate the gold layer.
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The success of this particular two layer plating sys tem is extraordinary. While the use of gold over palla dium for plating has been discussed in U.S. Pat. No. 4,138,604, the gold used therein was hard gold. Gold was used in the belief that it filled the pores of the un derlying palladium, thus giving a smooth contact sur face.
It has been determined by the inventors that the use of a thin layer of soft gold over palladium dramatically improves the durability of the contact finish. The soft gold acts as a solid lubricant thus reducing the coeffici ent of friction and thereby reducing the adhesive wear of the system. It also totally eliminated the erratic, early wearthrough found in some of the medium stress palla dium deposits.
A hard gold flash over palladium has none of these attributes. This combination behaves in a similar man ner to the bare palladium deposit by exhibiting adhesive wear and also early brittle fracture of the deposit. A wear testing device consisting of a flat reciprocat ing lower surface and a stationary hemispherical upper surface or terminal was used to determine the durability of plated terminals. Terminals were mounted in the device. The durabil ity of the contact surface was determined by applying a 0.44 pound load to the terminal to simulate typical contact force and subjecting the loaded terminal to the reciprocating motion of the device, each cycle of the device representing one insertion and one withdrawal of the terminal. The number of completed cycles was counted until base metal was exposed, the plated surface The following examples illustrate the extraordinary and unexpected results achieved by plating terminals with medium stress palladium and soft gold as disclosed herein, as compared with terminals plated with medium stress palladium and no gold or other high or low stress palladium and soft gold. A strike of palladium to aid the adherence of the subsequent palladium layer was then applied. The com mercial Decorex plating bath was used. This bath is available from Sel-Rex, Nutley, N.J. 07110. The bath was operated at 75 F., a pH of 9, and a current density of 10 amperes per square foot.
The terminals were then plated with 72 microinches of medium stress palladium using the bath as described in U.S. Pat. No. 1,970,950. The palladium concentration was 1.22 troy ounces per gallon. The bath was operated at a temperature of 140 F., a pH of 6.0, and a current density of 10 amperes per square foot.
The terminals were then plated with about 3.7 micro inches of soft gold. The bath used for these samples contained an aqueous solution of KAu(CN)2 in an amount sufficient to provide a gold concentration of 1 troy ounce per gallon. The bath was operated at 140 F., The residual macrostress of these terminals ranged from 80,000 to 130,000 psi. In the durability tests, all of the samples completed 1000 cycles without exhibiting failure. A few samples were subjected to further testing for durability and reached 10,000 cycles without failure. The contact resistance of terminals plated with medium stress palladium and soft gold was not affected by expo sure to 48O. F. for 6 hours. The macrostress of the medium stress palladium on these samples ranged from 60,000 to 140,000 psi. Over ninety per cent of these terminals failed to complete 50 cycles in the durability test.
EXAMPLE 3
Terminals of the type illustrated in FIG. 1 were plated with nickel and a palladium strike as previously described in Example 1. The terminals were then plated with 75 microinches of palladium using the commer cially available Pallaflex bath. This bath is available from Vanguard Research Associates, Inc., South Plain field, N.J. 07080. The bath was operated at 149 F., a pH of 6.8, and a current density of 10 amperes per square foot. Three microinches of soft gold was plated over the palladium layer using the same gold bath as Example 1.
The residual macrostress in the sample tested was 13,000 psi. The contact surface of this terminal failed at less than 10 cycles in the durability test. EXAMPLE 4 Terminals of the type illustrated in FIG. 1 were plated with nickel and a palladium strike as previously described in Example 1. The terminals were then plated with 75 microinches of palladium using the commer cially available Pallaspeed bath. This bath is available from Technic, Inc., Cranston, R.I. 0290. The bath was operated at 149 F., a pH of 5.8, and a current density of 10 amperes per square foot. Three microinches of soft gold was plated over the palladium layer using the same gold bath as Example 1.
The residual macrostress of the samples tested was in the range of 140,000 to 160,000. Durability testing of samples in this range gave erratic results. Some of the samples failed after two cycles, some after ten cycles, and some survived 1000 cycles.
As is clearly illustrated by the foregoing examples, terminals plated according to the herein disclosed in vention have a substantial and unexpected increase in durability.
It is to be understood that the type of terminal used for the examples is only representative of many types of terminals. The same relative increase in durability of the contact surface will be obtainable with other types of terminals.
What is claimed is:
1. A method for making plated electrical contact terminals formating with complementary contact men bers, said terminals having increased durability, the method comprising the steps of: selecting electrical contact terminals;
